This paper analyzes pure-revenue technology licensing, where licensors solely seek the obtaining royalties. Since strategic concerns are left aside, the licensing decision is mainly driven by the features of the innovations. Our aim is to identify such characteristics. We use the NBER Patent Citations Database to explore different dimensions of the patented technologies present in yet2.com, a marketplace likely to capture pure-revenue transactions. Our findings point out that these technologies differ from the mean technology in the licensor's portfolio with respect to importance, innovativeness, scope, complementarity and fit into the firm's core. Results increase our awareness on the drivers of technology licensing decisions. 
Abstract
This paper analyzes pure-revenue technology licensing, where licensors solely seek obtaining royalties. Since strategic concerns are left aside, the licensing decision is mainly driven by the features of the innovations. Our aim is to identify such characteristics. We use the NBER Patent Citations Database to explore different dimensions of the patented technologies present in yet2.com, a marketplace likely to capture pure-revenue transactions. Our findings point out that these technologies differ from the mean technology of the licensor's portfolio with respect to importance, innovativeness, scope, complementarity and fit into the firm's core. Results increase our awareness on the drivers of technology licensing decisions.
INTRODUCTION
When a firm comes up with a new technology, being it a new process or product, she will try to prevent its leakage to competitors in order to be able to enjoy a monopoly position. This protection is achieved by different means (Cohen et. al, 2000) : secrecy and intellectual property protection are the two extremes of a continuum of options. If such protection is effective, she will indeed exploit the monopoly position either by herself or through another party. The latter case occurs when she has no capabilities or abilities to exploit the technology efficiently and she either sells the technology or the rights to use it, i.e. she licenses.
Licensing is the way of life of some science-based firms, which sell in the market for technology instead of the market for final products. As well, firms that have development capabilities, may license out as an alternative to in-house development or a by-product of it. In the latter case, licensing and own development may take place in the same or a distinct geographical or product market. Licensing in the same market implies the introduction of competition and the subsequent erosion of monopoly profits, being only rational under strategic grounds 1 . In these circumstances, the licensing decision must be evaluated in the framework of the firm strategy (Fosfuri, 2004) . Leaving apart these strategic cases, licensing offers the possibility to obtain direct revenues from technologies only exploited in some markets or not exploited at all by the patentholder, as the management literature has recently pointed out (Rivette & Kline, 2000) . In such cases, whereas the licensing strategy is undoubtedly part of the firm strategy, the 1 Arora et al. (2001) and Arora and Fosfuri (2003) suggest strategic reasons that can motivate licensing: to establish a technology standard, to expand quickly or to limit the effect of competing technologies.
decision to license each particular technology follows then a transaction-based approach (Williamson, 1991) .
In this paper, we use the transaction costs approach to analyse the licensing decisions not motivated by strategic means of firms with development capabilities. In particular, our aim is to characterize the type of technologies that firms license in order to obtain extra revenues out from their technological portfolio. In order to achieve this objective,
we rely on a sample of firms that decide to license some of their innovations in a technology marketplace that can be assumed, given its characteristics, to capture nonstrategic licensing or, as we will put it, pure revenue licensing.
Research on markets for technology has mainly focused in strategic licensing. The characteristics of the markets that vehiculate these transactions and the firm´s incentives to license have been the main topics analyzed (Arora et al, 2001 ). On the contrary, literature has not paid attention to pure revenue licensing, partially because such type of licensing has not been prevalent at all in the strategy of technology-based firms. This trend seems to reverse. Rivette and Kline (2000) have underlined the potential of this type of licensing by looking at some figures. They draw attention to the fact that a considerable amount of firms have more than one third of underused technology assets that might be profitable in other hands. The potential to find alternative uses for some existing technologies is backed by facts such as the increasing interdisciplinarity of technologies across sectors (Elton and Voyzey, 2002) or the amount of new technologies that are just a recombination of existing ones.
The analysis of licensing practices is relevant from a firm perspective as well as from a public policy perspective. Given that research projects are extremely costly and risky, markets for technology can provide a two-fold advantage to technology intensive firms.
On the private side, licensing allows firms to extract more revenues out from their costly research projects. From the social point of view, licensing enables firms to profit from technical solutions attained by others, reducing the bulk of duplicative inventive activity. Pure revenue licensing can contribute with a relevant share to the development of the market for technology and to the minimization of the existing inefficiencies.
In this paper, we observe a marketplace for technology that is likely to capture pure revenue licensing transactions: an Internet-based marketplace for technology. We examine the innovations that firms in the Chemical and Biotechnology sector offer for license or sell in this marketplace. Our aim is to explore the type of technologies that firms consider suitable for pure revenue licensing. In particular, we estimate how different dimensions that characterize an innovation in the firm's portfolio affect the likelihood that it is licensed with this purpose. This is the first study that analyses licensing practices from this perspective. This approach is specially suitable for the study of pure-revenue licensing, where the decision of the firm is mainly driven by the features of the innovations. Put in another way, the motivations that lead firms to license for pure revenue reasons are largely reflected in the characteristics of the innovations chosen. Therefore, the availability of data at the technology level is particularly valuable in the study of this type of licensing. We focus on patent intensive sectors, where we can rely on patent information to characterize individual innovations.
Hence, the contribution of this paper is not only to shed light on pure revenue licensing but to do it using a new methodology in the analysis of licensing practices, that is, linking the characteristics of an innovation with the likelihood of being licensed.
The paper is organized as follows. Next section develops the theoretical background and the following, the hypotheses. In the fourth section, we explain the methodology used.
The fifth section presents the empirical results and the sixth concludes.
MARKETS FOR TECHNOLOGY

Traditional Markets for Technology
Arora et al ( Coordination costs arise from the fragmentation across sectors and geographical regions (Arora et al, 2001) , that makes prohibitively costly technology transactions between partners of different regions or sectors. Technology transactions are particularly vulnerable to motivation costs, originated by opportunistic behaviour. For one reason, the asset object of the transaction, knowledge, is of a specially complex and intangible character. The context dependence of knowledge makes it difficult to transfer technologies outside of the particular domain -firm and application-where they are developed for (Arora et al, 2001 ). This problem sharpens when knowledge is more tacit and less codified, since, in such cases, information assymmetries and uncertainty are higher. Asymmetric information affects both licensor and licensee. The potential licensee is concerned about the value of the technology and the licensor's willingness to transfer the know-how. The potential licensor is concerned about the ability of the licensee to exploit the technology. As well, she cares about moral hazard problems that can arise from information disclosure. Disclosure may induce the licensee not to pay for using the technology once he has learnt the information. Or, even if he does not act opportunistically during the contract, he may then use the information he learnt to compete later with the patent holder in the technology market or in the final market (through imitation, for instance), especially when the boundaries of patents are not clear-cut. Moreover, licensing increases the disclosure of the technology. All these concerns are reflected in the costly negotiation (in terms of money and time) of licensing contracts and in the high percentage of deal abortions.
Technology transactions would be more efficient to the extent that the mentioned costs could be reduced. One means to reduce motivation costs is intellectual property rights protection (Arora, 1995) , that is, to patent the technology object of the transaction.
Firms used to transact with technology -patented or not-rely as well on contractual and institutional responses such as long-term or repeated contracting 2 , reputation building (Arora et al, 2001) , the use of middlemen 3 or patent pools (Merges, 1996) . These mechanisms, however, are only effective in settings of repeated interactions such as sectorial and geographical networks of relationships that allow to build up reputation or to apply credible threats to punish opportunistic behavior. As a consequence, the minimization of transaction costs comes at a price, that is the restriction of the market to 2 Anand and Khanna (2000) report that 30% of the licensing deals are signed between firms having prior relationships. 3 The agents in the 19h century (Lamoreaux and Sokoloff, 1998) , the nowadays consultant firms or the Specialized Engineering Firms (SEFs) in Chemicals.
the firms that are part of the mentioned networks. Firms outside them are left out of the market, since transacting with them is much costlier.
In strategic licensing, it is worth to pay this price in order to minimize motivation costs.
In this case, the technology holder is very concerned about controlling the licensee's ability and incentives to exploit the technology, since it is a key piece of the firm strategy. Moreover, strategic reasons usually involve firms within the boundaries of the own sector and region. On the contrary, in pure revenue licensing, the main concern for the technology holder is to find a potential licensee rather than controlling potential opportunism. However, attractive targets as licensees for pure revenue licensing, such as firms from a different sector, region or market niche, small firms or start-ups, do not typically form part of the established networks and are very difficult to reach through traditional technology markets. Therefore, the restrictive set-up that characterizes these markets for technology poses an important drawback to pure revenue licensing transactions.
Consequently, pure revenue licensing would be more efficiently captured by a marketplace which main focus was to reduce coordination costs between the technology holder and suitable licensees for this kind of transactions. Motivation costs, even though not so stringent as in strategic licensing, should not be misconsidered in order to assure that potential deals are feasible. Markets for Technology did not shelter a marketplace with these characteristics up to now. However, the Internet offered recently an opportunity to build it. The Internet appeared in the nineties as a platform to reduce coordination costs in many markets, included business-to-business markets (Garicano and Kaplan, 2001 ), thanks to the easy and low cost access all over the world.
The Internet Market for Technology
The This "experiment" sheds light on the motivations that induce firms to license for pure revenue reasons. Results will contribute to a deeper understanding of this unknown parcel of the management of innovation at firms. From an aggregate perspective, results will as well provide evidence on whether a market for pure-revenue licensing has potential to be developed and, in such case, how it ought to be designed efficiently.
HYPOTHESES
Since pure-revenue licensing decisions are not strategically motivated, we can essentially consider them technology-based choices. Then, the characteristics of the innovation have a direct effect on the adoption of the development strategy. We hypothesize then that technologies that firms devote to this purpose should present some differential attributes across firms and strategies.
Technologies can be characterized along different dimensions that reflect aspects such as the quality or the type of innovative contribution they embody. As well, we can describe them with respect to the rest of the firm's technologies and knowledge. To sum up, we can characterize an innovation along importance, radicalness, scope, complementarity and fit, dimensions that can affect the likelihood that it is licensed for pure revenue purposes. In this section, we develop the hypotheses that link these characteristics with the mentioned likelihood. These hypotheses refer to established firms, with research and commercialization capabilities in a sector with an active traditional market for technology such as the chemical. These characteristics guarantee that they have different options available in order to exploit their technologies, which range from in-house development to different licensing strategies.
One of the most significant dimensions of an innovation is its importance, that is, the relevance it acquires into the scientific community. Some research using patent protected technologies shows that scientific value is positively correlated with the private value of the innovation, which translates into economic value for the patent holder (Harhoff et al., 1999; Hall et al. 2000) . Consequently, the firm has stronger incentives to protect important patents. This implies, everything else equal, that the firm is more reluctant to license an innovation the more important it is (Katz and Shapiro, 1985) . The reason lies on the high motivation costs that such innovations anticipate in case of license. On the one hand, the incentives for misappropriation by potential licensees or competitors increase when the prize of doing it increases. On the other hand, the cost the patentholder should bear in case of misbehaviour of the licensee or leakage of information increases with the scientific value of the innovation. These situations are especially acute when there is no institutional mechanism to control the licensee, as it happens in pure-revenue licensing. In such case, even if the leakage of information would occur in another market or region, it could damage the firm in its original market as well. Therefore, it is not likely that important innovations are subject to pure revenue licensing.
Innovative or radical innovations, as their name suggest, represent a breakthrough with respect to previous technologies. For an established firm, the implementation of such innovations means a rupture with the traditional line of the firm. Not only existing assets and capabilities are useless to undertake them but their introduction may also destroy existing business of the firm -through market cannibalization 7 -. Entrants, with no developed skills or markets, are more likely to introduce radical innovations whereas incumbents prefer to implement marginal improvements of existing technologies (Henderson, 1993) . Shane (2001) finds that entrepreneurs are more likely to pick up more innovative patents in order to set up a new firm. These findings suggest interesting implications for the evaluation of licensing practices involving innovative technologies.
Since an established firm is likely to discard them for exploitation, she may consider licensing as a means to obtain profits from them. However, she will rule out this possibility if there is risk of market cannibalization. Only if the innovation falls (or it can be used) far away from the firm's core, where this risk mitigates, the patent holder will be willing to license the innovation.
Scope, or broadness, is a dimension that refers to the technological space the innovation covers. If the technology is patent protected, scope is the technological area the patent protects from infringement 8 . Actually, scope is an intrinsic feature of the innovation -given by characteristics such as basicness-that is also determined by how inventors -or their lawyers-"design" then the patent, i.e. by the legal description of the 7 In the adoption of an incremental innovation, the firm is likely to replace the old technology for the new one, eliminating therefore the potential cannibalization. On the contrary, if she adopts a radical innovation, it is too risky to abandon the old technology. Therefore, the two technologies coexist, with the subsequent potential for cannibalization. 8 The broader the scope, the larger the number of potential products that will infringe the patent, as Merges and Nelson (1990) put it. innovation 9 . Firms have incentives to maximize the legal scope because it maximizes the legal protection around the innovation. For instance, Shane (2001) finds that broadness confers an extra protection that is especially valuable to entrepreneurs meanwhile they acquire the assets they need to develop the technologies. Lerner (1994) finds that broader patents protect more important inventions 10 . Whereas both findings suggest that broadness is associated with protection, the causality between protection and value is not clear 11 . Nevertheless, this strong legal protection is considered worthwhile in licensing transactions (Arora and Gambardella, 1994 and Anand and Khanna, 2000) , especially when the risks involved increase, such as in pure-revenue licensing. Scope is not only related to protection but also to the number of potential applications that can be developed from the technology. First, the more generic a technology is, the more products can be potentially derived from it 12 . Second, the coverage of a broader technological space offers more possibilities to develop the innovation protected from competition. The wider this technological area, the higher the likelihood that the patent holder is not present or interested strategically in all the applications protected by the property right. This fact opens the door to pure-revenue licensing. Therefore, the extra protection and interdisciplinarity of a broad innovation turn more likely that a broad innovation is licensed and, in particular, that it is licensed for pure revenue purposes.
9 Legal broadness is achieved by a generic description of the technology, in a way that the patent protection builds a wall around the particular technology of interest. Of course, Patent Office examiners are then the responsible to accept or refuse the invention as described, controlling the incentives of firms to design broader patents. 10 He finds that broader biotechnology patents are more likely to be cited and litigated (two measures used to proxy for importance) and firms holding them receive larger valuations in the venture capital investment process. 11 The first case suggests that broadness confers an extra value to the innovation whereas in the second, it is a mean to protect a valuable innovation. 12 Think, for instance, of a basic innovation such as the laser, that has a huge variety of uses.
Complementary innovations denote technologies that result from a research process characterized by the combination of different types of know-how. The higher the number of knowledge sources that take part in the research process, the higher the degree of complementarity of the innovation. The existence of multiple sources of knowledge is relevant from the perspective of the transfer of information, especially when knowledge moves outside the firm as in the case of licensing. Usually, this knowledge is only embodied partially in blueprints, fact that requires the involvement of the creators of the innovation in the technology transfer process. In fact, this is a critical step in licensing deals. The degree of complementarity of the innovation plays an important role in this phase, since coordination costs increase with the number of information sources. This is a drawback for the potential licensee that may cause a deal abortion. Anticipating it, the technology holder may be reluctant to license such innovations. This fact will be especially true in non-strategic licensing, where the technology holder has few incentives and mechanisms to devote resources in order to overcome this problem.
Strategic fit is the degree to which the innovation fits into the core activities of the firm. It is widely known that established firms develop organisational and technical capabilities associated with their core. As a result, they are much more efficient to exploit opportunities within these boundaries than outside them. This is the reason why an innovation that fits the firm´s complementary assets is more likely to be developed by the firm. Licensing is less likely, due to the high risks that the disclosure of core information involves -except if it obeys to strategic reasons-. Conversely, innovations that fall out of the firm's core are more likely to remain unexploited by the firm, leaving the door opened to licensing for pure-revenue purposes.
EMPIRICAL MODEL
We would like to estimate the probability that a given patented innovation is licensed for revenue purposes. Each observation represents a patent. The outcome variable is a binary dependent variable that captures the decision by the firm whether or not to offer a patent for pure revenue licensing 13 . We should therefore use a discrete choice model with the following specification for patent j in firm i:
where Y * ij denotes the unobservable propensity that it is licensed for revenue purposes, X ij is a vector of patent-varying exogenous variables, ε ij is the unobservable error term and i α is a variable that captures the firm specific unobserved effects. Therefore, we assume that the incidence of pure revenue licensing is only observed when the patent's propensity to be licensed for such purposes is greater than a threshold equal to zero. The i α variable should be introduced to the model given that we can not assume independence on the error terms. Since there are many patents in the sample owned by a given firm i, each firm represents a cluster of correlated observations. The dilemma is whether i α should be treated just as a constant term over firms (fixed effects model) or as a random variable just like the error term (random effects model). The latter approach obtains more efficient estimates but it requires the assumption that the i α 's are independent of the X ij 's if our estimates are to be consistent. The Hausman test allows testing this assumption (Maddala, 1993 
The probit model is the most appropriate discrete choice technique to estimate it. The multivariate normal distribution in which it is based upon is more flexible than the multivariate logistic distribution (Maddala, 1993) . Therefore, we use a probit random effects model.
DATA AND MEASURES
The data we use comes from two sources. First, we identify firms 14 being customers at yet2.com, the main website devoted to the transfer of patented technologies between firms at the time of data collection. For these firms, we collect data on the patents that they offer on this Internet marketplace. We assume that each patent proxies for an innovation 15 . We restrict our attention to firms that offer innovations under the categories of Chemicals and Biotechnology that also fall in these categories according to 15 This assumption implies that we take for granted that one innovation is protected by one patent. This is not necessarily the case: the number of patents that cover an innovation depends mainly on the sector. As Cohen et al (2000) point out, in chemicals a technology is protected by a few number of patents while in electronics, for instance, the number can reach hundreds. Even though data is available at yet2.com at the innovation level, we are not able to use this information for practical reasons in our empirical analysiswe can only build a control group at the patent but not at the innovation level-. 16 The USPTO assigns the patents to a primary and some secondary patent classes. Hall et al (2001) have established a correspondence between classes and industrial sectors. We use the primary class of a patent in order to assign its correspondence to an industrial sector. (Hall, Jaffe & Trajtenberg, 2001) 
Variables
The dependent variable reflects whether the patent is offered in the Internet licensing Recent literature has suggested as proxy for importance the number of citations a patent receives from subsequent patents. When inventors patent some innovation, they must cite the previous inventions their innovation builds upon. Therefore, citations received from subsequent patents reflect the contribution to science of a given patent (see Jaffe et. al 2000 for evidence from a survey). Different authors have tested the link 17 The population that constitutes the comparison group sums up to 61000 patents. Random sampling is used in empirical works (Hu, 2003) involving comparison between different patent groups. Alternatively, matching samples are also used (Trajtenberg et al, 1992) .
between this proxy and different measures of value such as social value (Trajtenberg, 1990) , stockmarket value (Hall et al., 2000) or commercial value of the innovation as perceived by the patentholder (Harhoff et al., 1999) . Citations present a practical problem: since data is truncated at a certain point in time, patents granted closer to this truncation data have a shorter time span to receive citations 18 . In order to remove variance due to truncation, we standardize the data using the method proposed by Hall et al. (2001) 19 . Alternatively, we simply introduce year dummies 20 .
We measure the degree of innovativeness with the amount of citations the patent made to previous patents. The lower the number of citations made, the less derivative in nature the patent is, i.e. the less it builds upon previous research (Lanjouw & Schankerman, 1999) and the more innovative it can be considered. We can as well proxy innovativeness by originality, a Herfindhal-like index that measures the concentration of citations across patent classes. If citations are spread across different classes, the invention is not a mere sequential innovation but it "breaks molds" (Hall et al, 2001 ). In order to measure innovativeness within the firm, we can use the percentage of citations made to previous patents by the same firm, the self-citations made, with respect to the total number of citations the patent makes. A low percentage indicates that the innovation represents a new step in the research line of the firm.
There have been different attempts to measure scope. The most widely used (Lerner, 1994; Shane, 2001; Reitzig, 2001 ) is the number of patent classes a patent is assigned 18 A patent receives only 50% of its citations in ten years from its granted date (Hall et al, 2001) 19 This method consists in standardising the citations received by year and sector. As the mentioned authors warn, this method also removes variance due to real effects. We believe, however, that this problem is actually negligible if we work with a group of patents from the same sector (chemicals and biotech) with a quite homogeneous citation pattern. 20 Shane(2001) uses also this method. Henderson et al (1998) , for instance, use the standardization method.
to, as a proxy for the number of potential sectors of activity in which the patent can be applicable. Instead, we use a Herfindhal-type concentration index of citations received across patent classes, generality 21 , as suggested by Trajtenberg et al (1992) . They suggest that the spread of citations received across classes proxies the technological space the patent actually covers. Therefore, the higher the generality, the higher the scope. An alternative measure suggested by Lanjouw & Schankerman (1999) that we use is the number of claims, the sentences that describe an invention. They can be interpreted as "units of invention" (Jaffe, Hall & Trajtenberg, 1999) and the higher its number, the broader the technological space covered 22 .
We measure the degree of complementarity of an innovation through the number of inventors that participate on it. Teams of inventors are regarded as a key mean for knowledge exchange (Breschi et al, 2002) . Therefore, a co-authored innovation is the result from the interaction between different sources of complementary know-how.
We measure strategic fit through self-citations received. Self-citations refer to citations received from patents owned by the same firm. In parallel with citations received, selfcitations received reflect the importance of the innovation within the firm. The more the research of the firm builds upon a certain innovation by the same firm, the more likely it is a key technology. An alternative measure we use to assess the fit of a patent in the strategy of the firm is the relative weight of its patent class in her patent portfolio. , where 2 jk s = percentage of citations received by patent j that belong to patent class k out of n j patent classes 22 Reitzig (2001) suggests that this measure can be highly endogenous, since the firm decides how to break down the actual blocks of invention. However, firm discretion is constrained to a great extent by the type of technology and by Patent Office examiners.
whether the patent class of the innovation coincides with the highest frequent classes in the firm's portfolio 23 .
We use the following control variables: size, diversification 24 , time and technological category. These characteristics may affect the firm's decision related to licensing as well as the characteristics of her patents and innovations. Size is meant to control for experience in managing intellectual property, access to traditional licensing networks and bargaining power in licensing negotiations. The most appropriate measure in this setting is patent portfolio, the number of patents granted by the USPTO to the firm in the previous years (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . Diversification means potentially more interdisciplinary innovations, opportunities to exploit them and accessible licensing networks. In order to determine the degree of diversification of a firm, we compute the measure proposed in Davis et al. (1994) 25 . The time control is required because all citations or citation-related variables are time-dependent. We use the application year of the patent. Finally, we control for technological category because the majority of the independent variables vary with technological field. Technological categories are built upon patent classes (Hall et al., 2001) . Table 2 the descriptive statistics for the set of patent data that we will mainly use in 23 We consider them as the patent classes that represent more than a 10% of the firm's portfolio at the five-year time span before the decision of commercialization in the Internet (1995) (1996) (1997) (1998) (1999) . If we consider core patent classes those that represent a 20% of patent share, results do not change. 24 The latter two measures are available only for a certain set of firms (public US-based firms with more than $10 millions in assets and 500 shareholders). 25 It takes the form ∑
, where p i is the proportion of the firm's sales made in segment i. We retrieve this information from the Form 10-K filed with the Securities and Exchange Commission (SEC). 26 Looking at their correlations (Table 3) , we can appreciate that we will not suffer from multicollinearity problems.
the regression analysis: 89 firms and 9269 observations. We include a t-test for differences of means for the two patent groups across the proxies of the invention dimensions. We can appreciate significant differences for all the variables except for citations received and generality. This fact anticipates that the two groups of innovations differ significantly. In Table 3 we present the correlation between the variables used as regressors. Many of them present a significant correlation at a one percent level. However, the highest correlation coefficients do not suggest the presence of multicollinearity problems, as it is confirmed by high tolerance levels 27 . and number of inventors (inventors). Overall, the model is significant. The proportion of the total error variance accounted for by the random effects is significant (rho=.339, 27 The highest correlation level is ρ =.5057 and it appears between citations and a variable built upon it (generality). The lowest tolerance level is .73. 28 We compute the marginal effect at the median of the log transformed variable in order to easily identify the original value it corresponds to (i.e. the median of the original variable). 29 In order not to lose observations with a zero value when taking logarithms, we add up one to the original variable before doing the transformation.
EMPIRICAL RESULTS
p<.000). The magnitude of the effect of each variable is reflected by the percentual increase in the likelihood (indicated by the marginal effect) when its value increases a 1% from its median, with the rest of variables kept constant at their median. Creceived displays a non-significant positive coefficient, contrary to our prediction. The coefficient on cmade displays a significant negative sign, which supports the hypothesis that more innovative patents are more likely to be the object of pure revenue licensing.
Claims has an as predicted positive but not significant coefficient. Inventors displays a positive and highly significant coefficient, suggesting that the more complementary the innovation, the more likely it is to be licensed for pure revenue purposes -contradicting our initial prediction-. We also include a dummy, core, that captures the effect of the strategic fit over the likelihood, negative and non-significant in this case, fact that suggests that core innovations are less likely to be licensed for pure revenue purposes.
We control for portfolio, that displays (and it will do across all specifications) an as predicted negative sign.
In Specification 2, 3 and 4, we include variables that are derived from the citations, selfcitations, generality and originality. Their introduction shows the robustness of the effect of the different variables on the likelihood. The coefficient on selfcitations received, although not significant, strengthens the negative effect of strategic fit. The estimated effects of selfcitations made and originality reveal a positive impact of innovativeness. The coefficient on generality supports the idea that broader patents show up more likely on pure-revenue licensing markets. Finally, creceived, the proxy for importance, turns to the predicted negative sign, even though it remains nonsignificant.
Specification 5, 6, 7 and 8, gather the effect of some interesting interactions. We find significant the interactions between fit (core) and both innovativeness (self citations made) and importance (creceived) as well as the interaction between the latter and complementarity (inventors). The negative effect of the variable that reflects importance becomes significant and, strikingly, it turns positive when the innovation belongs to the firm's core. This evidence suggests that whereas an important innovation in the core is more likely to be licensed for pure-revenue purposes, the reverse holds if the important innovation is out of the core. Therefore, it should exist some underlying difference between important innovations in and out the core. As mentioned, the more important the invention and the better it fits the firm strategy, the more likely it is to be developed by the patentholder. In this context, pure revenue licensing can be understood as a complementary way to exploit an innovation with high potential for economic revenues.
When the important innovation is not in the core, lack of information or contractual restrictions with a potential licensee who would exploit the innovation may turn purerevenue licensing less likely.
The rest of the interactions also display interesting results. The positive effect of importance in the core is even stronger if the innovation shows a high degree of complementarity. Actually, the effect of complementarity turns significant only when the innovation is important. The interaction between fit and innovativeness within the firm suggests that the more innovative technologies from the core are actually less likely to be licensed than less innovative ones in this same situation. This result confirms our prediction on the lack of incentives to license radical innovations due to the potential for cannibalization.
In Table 5 we display results for a sample restricted to 22 big US firms according to the value of their assets and the number of their shareholders 30 . For these firms we have available data on diversification, a firm-variable that can be relevant in explaining purerevenue licensing. Indeed, this variable has a significant positive effect on the likelihood. This result may suggest that diversified firms have a more proactive licensing policy -due to a higher awareness of the benefits of pure-revenue licensingor/and a higher rate of underused patents. The inclusion of this control does not lead to significant changes in the effect of the rest of the variables. There are, however, some changes due to the restriction to the sample of big firms. The reduction in sample size affects the significance of the claims variable and the interaction between importance and complementarity. On the other hand, the effect of selfcitations received becomes significant, suggesting that the negative effect of this variable comes from large firms. Table 6 presents an estimation including only the variables that are known at the time of patent application. The purpose is to test whether the information contained in the patent has any predictive power at that moment. It actually does. Innovativeness, complementarity and strategic fit point significantly towards the same direction that they do when there is more information available (basically, after some time span that allows to receive citations). Therefore, at the same moment of the patent application, it can be predicted whether a patent is more or less likely to be licensed for pure-revenue purposes.
To sum up, results confirm that the likelihood that an innovation is licensed for purerevenue purposes depends to a certain extent on the characteristics of the innovation. In 30 These are firms identified in the Compustat database, that provides complete information on public USbased firms with more than $10 millions in assets and 500 shareholders (obliged to report to the SEC) particular, we find support for our hypotheses on the negative effect of importance and strategic fit and the positive impact of innovativeness and scope. The unexpected positive effect of complementarity could be related to the stronger protection that this dimension may confers to the licensor. Actually, when know-how comes from different sources, it is easier to protect it from the licensee. Another unexpected result, the positive effect of important innovations in the core, reflects the potential of these technologies of being licensed for pure-revenue reasons as a complement of own development.
CONCLUSION
In this paper, we examine the firm's decision to license patented innovations with the only purpose of extracting revenues. The strategic considerations usually present in technology licensing are absent in these cases. Of course, these licensing decisions belong to the firm's strategy, which will have as one of its objectives to profit from its innovations through licensing. We can think of these innovations object of pure-revenue licensing as underexploited technologies. Such technologies are either completely unexploited or, at least, not exploited in all possible uses or markets. Indeed, nowadays, in firms' portfolios there are many patents that remain unexploited (they are known as sleeping patents) as well as highly interdisciplinary technologies.
Our aim is to characterize the pure-revenue licensing market. Due to the particular motivations behind these licensing decisions, we argue that the transactions captured by this market should differ from the mean firms' technology. Thanks to the patent information, we are able to characterize different dimensions of the innovations. The underlying assumption is that the features of the technologies reveal information on their potential uses and, indirectly, on the probability of being licensed.
Our findings suggest that, indeed, a patent devoted to pure-revenue licensing differs significantly from the mean patent on the firm's portfolio along different dimensions.
The dimensions that affect positively the likelihood of being licensed for pure-revenue purposes are innovativeness, scope and degree of complementarity of the patent, as well as importance if the technologies are in the firm's core. Actually, these innovation features reflect an increasing likelihood of being underused innovations, which favors pure-revenue licensing. On the other hand, importance (except when in the core) and core (except for important innovations) affect negatively the likelihood that the innovation is licensed for pure-revenue purposes. These dimensions reflect concerns for value appropriation in licensing. Results, therefore, increase our understanding on the drivers of licensing decisions in a setting where strategic concerns are left aside.
We believe our findings to be relevant in another aspect, as well. They suggest that transaction costs involved in technology transfer do not affect equally all potential transactions. In particular, some characteristics of the markets for technology may prevail over others according to the motivations for licensing, the characteristics of the licensed technology and the characteristics of the patent holder. A patent holder does not need for any technology transfer transaction the protection that the network offers in traditional licensing markets through the control of licensee's potential opportunism.
Instead, in some cases, she might prefer a contact-network that minimizes the costs of searching for a licensee, who enables her to extract revenues from underexploited technologies. This is a relevant distinction with respect to the implications for the development of efficient markets for technology. Pure-revenue licensing could arise as a first step in the development of such markets. Results do not only illustrate the need for differentiated markets for technology. They suggest as well that firms are aware of their stock of underexploited technologies and they are willing to adopt a proactive licensing policy. Obviously, this awareness is only the first step in the development of a purerevenue licensing marketplace. There is then the need to evaluate whether it exists a demand that could absorb this supply of technology and which are the best mechanisms to attract it. Only then we could be able to design an efficient pure-revenue licensing market that solves the inefficiencies associated with the stock of underexploited technologies.
Finally, we believe that results from this analysis suggest very interesting avenues for future research in technology transfer. As mentioned, it is a must to extend the analysis to the demand side of the licensing market and be able to come out with a proposal on the design of a marketplace that would vehiculate pure-revenue licensing transactions efficiently. Secondly, it would be interesting to conduct a parallel analysis to explore the characteristics of the innovations that are licensed for strategic reasons. Then, we would be able to understand better the black box of technology licensing in firms. Confidence level of the coefficient (not marginal effect) at 1%***, 5%**, 10%*.
